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@ Vector processor.

@ tn a vector processor which is for use in combination
with a main memory (11} and includes an input selecting
arrangement (36}, vector registers {21-28), a vector operation
arrangement (31-34), and a store register (38), an output
selecting circuit is not used on selecting operand vectors
from vectors held in the vector registers. Instead, the vector
registers are fixedly coupled to the vector operation arrange-
ment to raise speed of the operation and to simplify vector
instructions. Preferably, vector memories are provided to
retain vectors which need not be held in the vector registers
and must have been stored in the main memory. [n this
event, a vector bypassing arrangement is used to bypass a
result vector from the vector operation arrangement to one
of the vector memories for storage therein as a bypassed
vector. The input selecting arrangement is used on moving
the bypassed vector to one of the vector registers (Fig. 3).

o

Croydon Printing Company Ltd



1

MAIN MIMORY j

— ),36
IKPUT ZELECTING CET ,
: 21 3 2 25 26 27 l ?8
vec-| pec- Cotveed fveed] fveeo] feeco| Jec-
TOR OR - [TOR 10k 0k T0R 10k
Ri | fes

_Lstore
L97 seLreting ekt

—

STORE
38 REG

Fig. 3



)SSIUS - VOSSIUS TAUCKHNER -HEUNEMANN - RAUH
‘ PATENTANWALTE

0136597

SIEBERTSTRASSE 4 8000 MUNCHEN 86 PHONE: (0B8) 474075
CABLE: BENZOLPATENT MUNCHEN TELEX 5-29453 VOPAT D

ref,: T 268 EP

's 165956/83 ,

Corporation September 7, 1984
'0, Japan -

VECTOR PROCESSOR

This invention relates to a vector processing device
or vector processor for use as & part of an electronic digital
computer,

5 A vector processing device is for use in a high-speed
digitel computer in combination with a2 mein memory in processin
veétors or vector data, Each vector is azn cordered set or arrzy
of elementary d=ta,

A vector processor of the type described is disclosed

10 in United States Patent No, 4,128,880 issued to Seymour R, Crav

]

-

Jr., and essigned to Cray Research, Inc,, Wisconsin, U, S, &,

The vecior processor oi Cray, Jr,, is effective in achieving
an exiremely high speed of operation.
As will letier pe described with reierence ic one of
15 ten figures of the accompanying crawing, the vecior trocessor
comprises a plurality of vecior registers zcceriing to Crzy,
Jr. ©Bach vecior register is for holding =z vectocr, 4 vectoer
operation arrangement may comprise & plureliiy of vecicr calculsziors
or vector operation units, such as an arithmeiic unit and a legicel
20 operztion functional unit, Each vector cperztion unit has at
lszast two inpui terminals and an outiputl terminal and is Zor carryd
out & vector opsration on operand vectors received at the inpui
terminels to produce z result vector a% the output terminal

The mein memory is for memcriczing z vecicr as & memcrized vecior,
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An input selectiing &rrengement is Tor selectiing cne of +the vector
regisiers as & destinztion register and one ol ine memorized
and the result vectors as a load vector to loazd the destinztion
register with the locad vecior. It is to be ncted that the result
vector is herein referred to also as a locad vector when the result
vector should be stored in the destination register, An output
selecting arrengement is for selecting one of the vectors heid
in the vector registers as z siore vecior for storage in the
mzin memcry, The input and the outpui selecting arrangements

are pui into operaticn by vector inmstructiions of the type known
in the art,

According to Cray, Jr., the cuipui seleciing errangement
must comprise an ouiput selecting circuiti, Kesponsive to z vector
instruction indicative of a vector operziion as an operation
instruction, the output selecting circuii selecis one oi the
vector registers as z destination register anc iwc of the vector
registers as source registers and couples ithe source registers
to the input terminzls of one of the vecior operaiion uniis theat
is czpabie ci carrying out the vector operztion Indicated by
the vectior instiruciion under considerziion,

An access time is indispensable for the ouiput selecting
circuit to access ithe source registers, The vecicr instructiion
must include areas for specifying the source registers, Due
to the areas, the vecior processor is complicated in hardware,

The number of vector registers is, for sxample, only
eight and may not be sufficient to hold the vectors which are

given by the result vectors and should be used as the operand

vectors, Those of the result vectors which are not very soon
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used as the cperand vectors, musi therelore be stored in the
mein menory, VWhen the vector storeé in the main memory as a
memorized vectéf must bevused 2s an-operand vector, load operztion
must be executed to load a peftinent one of the vector regisiers
with the memorized vector, It is known in the art thai it takes
2 loﬁg timévto carry out the ioad operatiion,
‘ S'JI;II\GARY OF THE INVEKTION:

It is‘therefdre a géneral object of the present invention
to pfqvi&e a vector>procéssing device which need not comprise
an outiput selegting circﬁit for use, fof véctor.operations, in
selecting vectérs stored in vecior registers,

it isuanother general object of this invention to provide

& veclor processing device of the itype described, which is exempted

from an access time used by the output selecting circuitf.

-

L ig still another generzl oﬂject of this invention
tq provide.a vecﬁor procéssing device of ihe type described,
for_which 2 veéior'instrdctidn‘has a simplified format.

It is yét another general object of this invention
to provide = veétor processing device of thé type described,
which is simpléiin hardware,

It is 2 speéific object of this invention to provide
2 vector processing device of the type described, which need
not often carry out load operation.

+ is possible to specify that a vector processing
de&ice to which this invention is applicable, is for use in combination
with & mein memory for memorizing a vector as & memorized vector

and incluces a plurality of vector registers each for holding

a2 vector, vector operation means for carrying out & vector operztion
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on operand vectors to produce a resuli vector, input scleciing
means for selecting one of the vector registers as 2 destihation
register and one of the memorized and the result vectors as a
load vector to load the destination register with the ioad vector,
end output selecting means for selecting one of the veciors held
in the vector registers as a store vector for siorage in.the

main memory, According to this invention, the vector processing
device is characterised in that the vector processihg device |
corprises coupling means for fixedly coupling the véctor regigters
to the vector operation means so that the operand veétors are

in one-to-one correspondence to the vectors held -in the respective
vector registers,

According to an aspect of this inve=iion, the above-specilied
vector processing device further comprises a piuraliity Sf fector
memories, memory selecting means for seleciing one of the vector
memories as a selected memory, &nd veqtor byrassing heans for
bypassing the result vector to the selected nsmory for stofage
therein as & bypassed vector. The input selecting:means comprises
first mezns for selecting the destinzstion régister from the vector
registers, second mezns for loading the desiinztion register
with the load vecter, and third mezns for loading the destinstion
register with the %Yypassed vector,

BRIEF DSSCRIPTION OF THZ DRAWING:

Fig, 1 is & block diagrean which shows a conventional
vector processor and a main memory; |

Fig, 2 shows a format of vector instructions USed-in

the vecior processor illustréted in Fig. 1;
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Fig, 3 is & tlock diagrar iLllusirative cf & vecior
processing device according tc & first embodiment of the instant
invention and z nain memory;

Fig, 4 shows a format of some vector instructions used
in the vector processing device illusirsted in rFig. 3;

rig, 5 shows another formati of othe; vector instructions
used in the vector processing device depicted in Fig, 3;

Fig. 6 shows a block diagram of an inpui seleciing
circuit for use in the vector processing device illustrated in

. 3 togethe* with a vector register used therein;

Fig. 7 shows a2 block diagram of a2 stocre selecting circuit
for use in the vector processing device depicied in Fig, 3 togeiher
with 2 store register used therein;

Fig., & is & iime chart for use in describing operation

of the vector processing cdevice shown in Fig, 3
Figs. 9 (2) and (b) show, when placed on the left and
the right sides, respeciively, a block diagram of & vector processing
device according tc & second ermbodiment of this lnventicn and
& rein menmocry; and

Fig, 1C is a iime chari for use ir describing operaiion

of the vector processing device depicied in Figs, 9 (a) and (b),
CRIPTIOK OF THZ PRIFSERED EMBODIMZKTS:

Referring to Fig. 1, a conventional vector processor
will be described ai first in order io facilitztie an understanding
of the present invention. The vecior processcr is what is revezled

by Cray, Jr,, with reierence to Fig, 7 of the zbove-referenced

United States petent,
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The vector processcr is for use in combinztion with
a mein memory 1l having a plurality of memory addresses (not
shown), each for memorizing a vector 2s & memorized vector,

The vector processor comprises first through eighth vector registers
21, 22, 23, 24, 25, z6, 27, and 28, &EBach of the vector registers
21 through 28 is for holding a vector as a stored vector. 4
vector cperation arrangemeni comprises first through fourth vector
operation units 31, 32, 33, and 34, The first vector operation
unit 31 may be an zrithmetic unit for carrying oui vector addition
as 2 vector operation., The second vector operation unit 32 may
be another arithmetic unit for carrying out vecior muliiplication
as another vector operation, The third vector operaztion unit

35 may be a logical operaticz functional unit for carrying out

a logicel vector operztion a= still another vecior operation,

The fourth vector cperation unit 34 may be z shifter for carrying
out & vector shift operzilon as yei ancther vecior operztion,

In the example being illusirzied, each of the vector operation
urits 31 through 34 has two irput terminals and an output terminal
anéd is for carrying oui the vector operztion on operand vectors
deliverd to the respeciive input terminsls to produce z result
vector at the output terminal,

An input selecting arrangement or circuit 36 is for
selecting one of the vector registers 21 through 28 as 2 destination
register and one of the memorized and the result vectors as a
load vector to load <ihe desiination register with the lozd vector,.
As pointed out heretobefore, the resuli vector is herein referred
10 also as a load vector when the destination register should

be loaded with the result vector under consideration,
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Ar. cutput selecting circuit 37 is for seleciing two
the vecior registers Z1 througn 2t =s source registers and

one of the vecior operz tion units 31 through 34 as an acting
operation unit to deliver the vectors heid irn ithe source registers
to the respsctive input te*nlnals of the zciing operation uni
as the 0perand,vectors for the acting opecrziion unit, respectively,
In the illustrated example, 2 store regisier 38 serves as an
utput seleciing ar*angementrin cocperation with the output selecting
circuit 37, Among others, the output seleciing arrazngement is
for selecting one of the vectors held in the vector registers
21 through 28 as 2 stcre vector for storage in the main memory
1l as another memorized vector,

Turning to Eig.ﬁz, vector insiructions zre for use,
for example, in the izput and the output selecting arrangements
36 and 37-3E. The vector instructions heve a2 Format such that
each vector instructicn has an operation code area for an operation
code OP, & first overznd area for az first operand Rl, a second
operand azrez for a second operand R2, and & third operand arez
for 2 third operznd R3,
Wnen the vector instruction is an cperetion instruciion
indicative ¢ the vector addition by the operation code OP, the
output selecting circuit 37 selects itnhe Iirst vector operation
urit 31 as the acting operation unit, The first operand Rl specifies
a destination register., The second and the third operands R2
and R3 specily source registers, Responsive to the second and
~the third operands RZ ancé R3, the output selecting circuit 37
delivers the vectors held in the scurce regisiers to the respective

input termirzls of the first vector operziicn unit 31 as the
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operand vectors, FHesponsive ic¢ the first operand RI, ne input
selecting circuit 3¢ lozds the desiinatiion register with the
result vector produced zt the ouiput terminal of the first vector
operation unit 31,

Referring now to Fig, 3, a vector processing device
according to a first emboldiment of this invention comprises similar
perts designated by like reference numerzls, It should be nbied
that the vector processing device does not comprise the output
selectingvcircuit 37 (Fig. 1). 1Instead, the first through the
eighth vecior registers 21 thrbugh 2€ have output terminals which
are fixedl- coupled to the input terminals of the vector operztion
arrangement 31-34 so thet the’o?srand vectors are in one-to-one
correspondsnce to the vectors heid in the respectivé vector registers
21 through 28,

llore particuierly, first znd second connections gre
Zor fixedly coupling the output terrminels of the first andbthe
second vecLior registers Z1 and 22 to the inpul terminals of the
firsi vector oneratlon unit 31, Third andéd fourth connections
ere for fixedly coupling the cutipul terminais of the third znd

the fourth vector registers 23 znd 24 to the input terminals

)

of the second vectior operation u“-. 2, Tth and sixth comnections
ere for fixedly coupling the ouiput terminzls of the fifth and

the sixth vector registers 25 and Z& to the input terminzls of

the third vecﬁor operationvunit 33. Seventh and eighth connections
are for fixedly coupling tne outpui terminails of the seventh

and the eighth vector registers 27 and 28 {to the inpui terminals

o the fourth vector operztion unit 34, The first through the

eighth connections meay include first through eighth read registers
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L1, &2, 43, Lk, kg, LT, &7, and &E,

The store register 3t accompanies a store seleciing
circuit 49 rather than the outiput seiecting circuii 37 (Fig, 1),
As will bpecome clear as the descripiion proceeds, it is pcssible
10 undersiand thai the stcre seleciing circuit 40 serves as an
output seleciing arrangement in the vecior processing device
being illustrated, Responsive to & vector instruciion which
serves as a2 store instruction indicative of store operation,
the stbre selecting circuit LQ selects one of the vectors held
in the vecior registers 21 through 28 as z sitore vector for transfer
t0 the store register 38 and thence for storage in the main memory
11,

Turning to Fig, &, vector instructions have z formesi
iliustirated therein when the vectof instructions are o?eration
instructions incdicetive of the vector operations, According
tc the formzt, each operaztion instruction has an operztion code

area for an operation code CP anc an operand area for a single

operand R. The operation code 0P indiczies one of the vector
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cut by the vecior operz

one of the vector operation units 31 through 34 as an acting
operation unit, Responsive to ithe singie operand R of an operation
instruction, the inpui selecting circuit 36 (Fig. 3) selects

one of the vector registers Z1 through 28 as a desiination register
and loads the destination register with a result vector produced

at the outout terminel of the acting operation unit specified

by the operztion ccde CP of the operation instruction under considera-

tion, As described before, the operand vectors for the acting
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operztion unit arec ine vecicrs held in iwe vestor resisiers itnat
are Tixedly coupled to tne acting operatiorn unit, As will resdily

- N - s - -

o¢ understood, the destinciion register should be seliecied soO
that the destination regisier may hold the result vector as one
of the operznd vectors which are subseguenily subjecied to the
same or a different vector operation,

Ffurther turning to Fig, 5, vector instiructions have

z ¢ifferernt format when the vector instruciions are siore and

load instructions, ch store or locad instruciion has an operzstion

{

code arez for an operztion code 0P, & firsi operand arez

4y

or
a2 first operand Rl, ard 2z second cperand arez for z s=cond operand
R2. The first operand Kl specifies z destinaztion anc the second
operand RZ, & source,

¥hen the vecior instruction is z siore instruction

irn which the operation coce 0P indi es

m

store oper=ztion, the
siore selecting circuii 4C selects that one of the vecior registers

Z1 through 28 a2s 2 source register which is specified by the

second operand R2, The store selecting circuit LG trznsiers

-

the vectior held in the source regisier io the store register

[$2]

35 (Mg, 3) for storagzs thence in that one o the memory addresses

of the mzin memory 12 stored in the address register which is spegcified
by the first operand Rl as a destinztion zddress,
Yhen ihe vector instruction is a load instruction in’

which the operand code OF indicates a load operation, the input
selecting circuit 36 (Fig. 3) selects that cne of the memory
zéiresses of the main memory 1l as a source acddress

stored in the address register ‘hich is

specified by the second operand R2, The inpul seleciing circuit

3¢ furthernore selecis thot one ¢f the vector registers 21 through
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£ as & destinatiion resmisier which is specified by the firsi

ro

operand Ri. The vector nemcrized in the source aidress is noved
to the destination register for storage thereirn,

Referring to Fig. 6, it will oe assumed that the input
selecting circuit 36 (Pg. 3) is supplied with an operziion instructicn
of the format illustrzted with reference to Fig. 4. The operation
code OP is stored in an operation indiceting register 51. The
single operand R is stored in & vector registier specifying regisier
52, As described zbove, the operand R specifies one of the vector
registers 21 through 28 as 2 destina.ion register, Let the destination
register be designated by 2x for the operation instruction unde:
consideration, The desiinztion register 2x is accompznied by
& write registe;_jé,

It may be mentioned here thai each vector is given
by sixty-four elemenizry data or bits as is the case with the
vector processor illustreted with refe;ence to Fig, 1. The sixiy-four

elementary data are arranged as an ordered sei mentioned hereinabove,

‘In this evenrt, each of the vector registers 21 through 28 comprises

L Ona

1y

sixty-fqur register elements, which axre depicied For the desiinatiion
register 2x at 0 .., 63. In response to a vecicr insiructiion
indicative of the destinztion register 2x, the elementzry datez

are successively stored in the respective register elemenis O

... 63 2t a rzte of the elementary dztum per clock period, Vhen

the vector register 2x is used as a source register, the elementary
date are likewise reazd out thereof for transfer to thzi one of

the irnput terminals of an aciing ovperaztion unit which is fixedly
coupled to the source regisier 2x. As the case mzy be, the elementary

data are delivered <o ithe store regisier 38,
o
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4 Tirst decoder 3¢ is for decoding ihe operand R kept
ir. the vector register specifying register 52 to procuce & vector
regisier specifying signal which specifies the destination register
2%, The vector register specifying signal is delivered to &
second decoder 57, which decodes the operation code OF retained
ir. the operation indicating register 51 to enable one of first
througzh fourth AND gates 61, 62, 63, and 64 coupled to the destinzation
register Zy. 2s will beconme clear as the descripiion proceeds,
£:oth AKD gate 65 will later be described,

The first through the fifih AND gates 61 to 65 are
for one bit =f the vector processed by the vector processing
device, The first through the fourth AND gaies 61 io 64 are
fer the restlt vectors produced oy the first through the fourth
vecior operzsion units 31 to 34, respeciively., The enabled one
of the AND gztes €l through 64 thereiore coxresponds to the vééﬁor
operziion unit thezt is specified by the operziion code O? as
er. acting opsration unit, The result vector produged by the
aciing operazion unit, passes through the enabled AKD geie (attention

being directed o only cne biit of the result vecior) and an GR

O

is held in the writ

fu
[{y
b
14
m
)
0
ct
[]
ty
n
)

geie 02 an
The fifth AND gete €5 is coupled to the data read from

0f the pain memory 11 (Fig, 3). When the input selecting circuit

3¢ is supplied with a load instruction having the format shown

in Pig. 5, the first decoder 56 decodes the firsi operand Rl

instezd of the single overand R to specify one of the vector

registers 21 through 28 as a destination register 2x &s described

above, The second decoder 57 decodes the operand code OP indicative

of the store operation to enzble the fifth ANL gate 65 for the
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destination register 2zx,
Referring to Fig. 7, it will now be zssumed that the
store selecting circuit 4Q is supplied with & store instruciion,

-

The stcre register 3Z hes & plurelity of register elemenis in
ccrrespondence to the respective bits of the vector which should
ve selected as 2 store vecior for storage in the main remory
11 (Fig. 3). As described above, the first operand Rl of the
store instruétion épécifies one of the memory addressecs of the
main memory 11 as a destination address and the second cperand
R2, one of the first through the eighth vector registers 21 to
28 as a source register,

A single register 68 is for stéri:g the secozi operznd
R2, A decoder 69 decodes the second operand R2 to enatle one
of first through eighth AKD gates 71, 72, 73, 7%, 75, "%, 77,
and 7€, which are coupled to the firsi through the eightih vecior
registers 21 to 28, respectively. As in Fig, 7, the A7 gaies
71 through 78 are for only one bit of the store vector, The

store vecior is itransierred through the enzbled AND gete and

5]

- ~
an v

+

L gete 7% to that regisier element of the store register
35 which is for the crly one bit being illusireated,

Referring to Fig. 8, operation will be described nore
in detzil as regards an operation instruction indiceztive of one
the vector operaiions carried out by the vecior operziion
arrangement 31-34 (Fig. 3). The operation insiruciion hes the
fermat of Fig, &, It will be essumed merely for simplicity of
the description that the operziion code OP indicates the vector
addition and consequently the Jirsi vector operation unit 32

as an aciing overailicrn unit, Zeroth through ilenih tinings are
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illustrated alcng the top line a2t TO through Ti8,

The vectors held in the first and the second vector
registers 21 and 22, are producec ai the zeroth timing TO. The
vectors are stored in the first and the second read registiers
Ll and 42 2t the first timing Tl. The vecters held in the read
regisiers 41 and 42 ére éelivered at the second timing T2 to
the first vector operation unit 31 as the operand veciors, The-
operand vectors are processed in the firsi vector operation unit
31 as depicted by full lines at ihe second ithrough ithe seventh
timings T2 to T7. A sum vector is produced as the result vector,
which is delivered to the input seleciing circuit 36 at the eighih
timing T¢ as 2 load vector as herein cealiled, Ai the ninth timing
T9, the load vector is stored in the desiinztion register that
is specified by the single operand R of the operstion instruction
in question,

¥hen the operation code OP indicazies the vector multiplica-
tion, the second vector operztion unit 32 is pui into operaiion.

It tekes a longer time to carry oui the multipliceiion than the
addition, The logical and the shift operztions are likewise
executed,

Referring now to Figs, 9 (2) and (b), & vector processing
device according to a‘second embodiment of this invention comprises
similer paris which are designated once again by like reference
numerals, Depending on the circumstznces, the veclior registers
21 through 28, the input selecting circuit 36, the read registers
41 through 48, and the source and the destination registers will
be referred to with addition of a modifier “"primary" to each,

Firsi throuch fourth primary write registers 81, 82, 83, and
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bl are interposed beiween the respecilive vecicr operztiorn uxni
31 through 3& endé the primary inpul selectiing circuit 3€, First
through third a2dditionel write registers 85, £7, and E£ have
ouiputs connected tc inpuis oI the primary inpul seleciing circuit
36 Zor the purpose which will later become clear, Similarly,
at lezst one supplementary write register, colieciively indiczted
2t 89, is interposed between the main memory 11 and the primery
input selecting circuit 36,

A loed instruction oif the format of Fig, 5 is executed
in the manner described before excezt that the load vector is
noved to the primary input selecting circuit 3€ through one of
the supplementary wriie registers 89, An operzilon instruction
of the formai of Fig, 4 is executed as described zbove excedt
that the result vector is stored in the primery destinstion register
through one of ihe rzrimzry write registers 81 through 84 ihat
is interposed bvetiween the acting operaztion unit and the primexry
input selecting cireuit 36, The store instruction 6f the format
f Fig, £ is executed es before,

It is io be noted that the outpui terminals of the
primery vecticr regisiers 21 through 28 are connected to inputs
of a first secondery inpult seleciing circuit 91, The first throuzh
the fourth primery write registers €l io 84 have outputs ccnnecied
to inputs of a second secondary input seleciing circuit 92 which
has zn output connected to an additional inout of the first secondary
input selecting circuit 91, A plurzlity ol secondary vector
registers are collectively depicted at 96, A selector 97 is
for selecting one of the secondary vecior registers 96 as a secondary

destination regisier, A write-ir buffer 08 is an FIFO (firsi-in
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first-cui, circult fer tiring the write-in of & vector in the
seconary destinztion register.

Bazch of first threough third cutput seleciing circuiis
111, 112, and 113 is for seiecting one of the secondary vector
registers as a2 secondary source register, First through third
secondary read registers 11€, 117, and 118 are interposed beiween
the first output selecting circuit 111 and the first additional
write register 86, between tne second ouiput selecting circuit
112 and the second azdditionzl write regisier B7, and between
the third output selecting circuit 112 and the thixd additional

write register 88, respectively, The first through the third
additionzl write regisiers ££ to 8% eari the like are used in
carrying out the move operztiion in pa:a_lei in response ic up
to three move instructions zs will lzzer be described,

As the case mey be, the seccndary vector regisiers
9% are celled vector memories in conirast to the primery vector
registers 21 through 25, which mey now be referred to merely

as the vector registers, The selector 97 may be named z memory

. The secondary destinziiocn

11
[

nen

selecting circuit or arrang

register ray be called & selecied memcry, Inesmuc is

ck

Jae

1 &5

-

unnecessary according to this invention to specify one of the
vector registers 21 through 28 as a primary source register,
the primary source regisier mey again be referred to merely as
a source register as will be described in the following,

In cooperation with other circuii elements which will
presently be describcd, the first secondary input selecting cireu
01 serves as a register selecting circuit or arrangement for

selectirg one of the vector registers 21 through 28 as a source
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register. The vestor held 1r ihe gource register is movel 1o
+he seleciel mencry for siorage inerein as & retainei vecior,

It is possible to undersiand inat the ctrimary input
seleciing circuit 36 comprises & first pari for use in seleciin
the destir tion reglete* from the vectior registers 21 through
28, ‘When combined ¥ith tne primery write registers 81 throuzh
84 and the suprlementary write registers 89, the first part serves
2lso as a2 second part for loading the destinztion register with
a load vector as herein called,

The second secondary input selecting circuit 92 may
be coupled to the write-in buffer 98 directly rather than through
the regisier selectiing circuiti 91, In any event, the second
secondary input seleciing circult 92 serves in cooperation with
the zbove-meniicned other circuit eliementis and the primary write
registers €1 through B4 as a vector bypassing circuit or zrranzemerni
for bypassipg the second part of the input selecting circuit

36 to deliver the result vecior ic the destinztion memory Sor

storege therein as a bypassed vectior,

n

The bypassed vectcr is nci different by nature Irom
the retzined vector znd is ncthing buit & vecior retained in one

of the vector pemories 96, 4&s will shortly become clear, a third

part of the input selecting circuit 36 is for loading the destination

register eiiher with the retained vector or the bypassed vector

by cooperation of the output selecting circuits 111 through 113,

-

the seconéary read registers 11€ through 118, and the additionzl
write registers 85 through 88,
For the vector vrocessing device being illustrzted,

it is possitle tc rrovide an cperziion instruciion ty the format
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iliusireted with reference tc Fig. 5. The operatior code OF
incicates one of.the vecior cperations rather than the load or

the stére operation, The first operand Rl specifies cne of the
vector registers 21 through 28 as & destination register and

+he seccné operand R2, one of the vector memories Q¢ as a selected
memory, namely, as a destination memory, It is possible ito make
the operation instruction specify the destination regisier alone
by giving 2 logic one and 2 logic zero bit to the most significant
bits of the first and the second cperands Hl and R2, respeciively.
In this event, the operation instruction of the format depicted

in Fig. 5 is equivalent to the ope—ztion instruction of the format
of T™g. 4. Alternatively, it is possible to make the operztion
instruction specify only the desti-ziion memory by giving & Iogic
zZero ana a logié one bit to the mcst significant bits of the

first and the second operznds R end RZ, respectively, Under

the circumstances, the result vectior is not siored irn the desiination

register bﬁt only in the destinztion memory.

Referring to Fig., 10 in addition to Figs. 9 (a) and
(v), cperation will be describved ﬁith an assumpiior such that
ihe operziion instructiion has the formet of Fig, 5, that the
cperation code 0P indicetes the vector addition, and that the
first and the second operands Rl znd R2 specify z destination
register of the vector registers Z- through 2% and & destinstion
memory of the vector memcries 96, respectively, Zeroih through
thirteenth timings are depicted along the top line at TO through
T13 as in Fig. 8,

As before, the vectors held in the first and the second

vector registers 21 and 22 zre delivered to the first vector
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cperetion unit 3. &t the seucnd inming T0 tnreurh the
tne second primary read registers «. and &7,
is delivered tc the input seleciing circuit 3% through the first
rrimery write register €1 and stcred ir the destinztion register

» the ninth timing 7%,

The result vector is delivered from the firsi primary
write register 81 zlso to the vector bypassing circuit 62, The
result vecior is stored in a2 read registexr 121 at the ninth timing
TO through the register selecting circuit 91, The result vector
is transferred to the write-in buffer 98 at the tenth timing
T10, It will be essumed that the resulit vector is immediately
moved to a write register 122 from the write-in buffer 92 at
the eleventh timing Tll, The resuli vector is siored in the
destinztion memory s a bypassed vector zit the itwellth tining
T12 through ihée nem CI}VSELectlng circuit ©7.

In Figs. ¢ (2) and (b), the vecior processing device
is cperebie in response io a move instruction ol a firsi type
having the Tormei of Fig. 5. The operaiion code CP indicates
transfer of & veztor frcm one of the veclior regisiers Z1 through
28 tc cne of the vecior memories 9¢. The firsi operané Rl specifies
one of the vector registers 21 through 28 as a source register
and the second operand R2, one of the vector menories 96 as =
destinztion memory,

Responsive to the Jirst operand Rl, the register seleciing
circuit @l selects ithe scurce register from the vecior registiers
21 through 28, Responsive to the second operand R2, the memory
selegting circuit C7 selects-the selected memory cr the destinztion

memery Srom tne vector memeriss 9£€, The vecior held in the source

J
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register as & sicred vecior, is noved ¢ ine desiinelion nencry
trhrough the register seleciing circult Gl, the real register
121, the write-in buffer 9£, the write regisier 122, &nd the
nemcry selecting circuit 97 and stored therein as z retzined
vector,

The vector processing device is operable also in response
to 2z move instruction of & second type of the format of Fig, 5.

The operztion code OP indicates transfer of z vecior from one

of the vector memories 96 té one oI the vector registers 21 through
28, As in the move instruction of the first tiype, ithe first
operand Rl specifies one ¢ the vector regisiers 21 through 28,

The specified vector regis—er is, however, & destiination register
rather than z source regis—er, The second operand RZ2 specifies

one of the vector memories 96 as & source memory.

At least one of the first through the ihird output
selecting circuits 111 to 113 that is not busy, is used in executing
the move instruction, It will be assumed that the first output
selecting circuit 111 is rot busy and dezls with the move insiruction
in guestiion.

Responsive to the second operand RZ, the first output
selecting circuli 111 selectis the source memory irom the vecior
memories 96, THesponsive to the first operand Rl, the input selecting
circuit 36 selects the destination régister from the vector registers
2) through 2€. The vector retained in the sourcé memory as a
retained vector, is moved thersfrom to the destinztion register
through the first outpgt selecting circuit 111, the first secondary
read register 115, the first additional write register 85, and

the input selectiing circuit 36 and stored in the destination
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As deserined hereinabove, tne g£iore incirc2iions have
the formet of Fig, 5, The first operand &I ol each stcre insiruciicn

specifies & destination address, In & sicre instruction, ihe

second operand R2 may specify a source nencry ol ithe vecior memcries
96 rather than 2 source register of the vector registers 21 through
2€, On executing such a store instruction, it is necesszry thet

t least one of the vecticr registers 21 through 28 te a vacant
register thet is not used in holding a stored vector, It will

again be surmised that the first output selecting circuit 111

is not busy. The vector retained in the source memcry is selecied

Ty the first outpui selectiing circuit 111 as 2 sicrsz vectior and

is stored in the cdestinetion address through the fizsi output

selecting circuit 111, the first secondary x:

(J
m
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the first additional write register 86, the input seleciing circuit
36, the vacant regisier, ihe store seleciing circuiti 49, and
the store register 3€,

It is now possible io understancd thai each of the first

through the third ouiput selecting circuizts 111 ic¢ 113 serves

es & source seleciing errengement Ior selectiing one of the vectior
renories 9€ as a source memory. Bach of the output selecting

circuits 111 through 113 is similer in this respeci to the ouiput
selecting circuit 37 described in conjunciion with Fig. 1. The
source selecting arrangement 111-113, however, does not supply
the vector reiained irn the source memory to the vecicr operstion
arrangement 31-34 (Fig, 9 (2)). 1Instead, the retained or the

bypassed vector of the source memory is loaded primarily in the

éestination regisier of the vector registers 21 through 28 by
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< h s tee . : : ‘e o s
the tnird pert of the input selectiing circult 3t viin ine cooperziion

- - < > . \ .
of & periinent one of ine szconder

11€ and &= relevart one of the additional write registers &4 through

The input selecting circuit 36 of Figs, ¢ (z2) and (b),
ihe register selecting circuit 91, and the vecior bypassing circuit
92 may be similar in structure to the input selecting circuit
36 illustirated with reference to Fig, €, The difference lies
only in the fact that the number of inputs is different, 3Zach
of the output selectirg circuits 111 ithrough 113 may be similer
to the store seleciing circuit 49 insofzr as the structure is
concerned.

While this inventiorn has thus far been described in
conneciion with a few preferred embodimentis thereof, it will

-

nox bpe readily possible for one skilled in the art to cerry this

eci in verious other manners, ror example,

‘Jn
Hy
Hy

inventiorn into e
the elementary datz of each vecior may be processed either in
bit parzliel or in bit series, The numper of the cdaztz is not

resiricied to sixiy-four in eech vecipr, The veclor processing

- -~

device mey comprise z different numcer of vector registers, such

as 21 through 28, It is pessible to seiect the number of vector
memories 9€ as desired, The vector operation arrangsment 31-34

may comprise either énly one vecicr operation unit or rore than
four vector operatior units, Some of ihe vector operztion units
mey carry out the same vecior cperziion, Only one singie secopdary
input selecting circuit mey be used as the register selecting
circuit Q1 and the vector bypessing circuit 92, IZach of the

vector registers 21 through 28 may include the primary read register,
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Likewise, the rezd
ray be included irn the circult elerent I
is used, ¥hen the primary wrile registe
<ive vec

included in ihe resoec tor cperz:

34, ihe vector bypassing circuit 92 or t

selecting circuii 93-G2 is connecied dir
arrangement 31-34 in ihe block diagren,
selecting circuit 91 serves 2s 2 vector
moving the vectior heid in the vec
source register to a selecied or destines
one secondary input selecting circuit G1

irput selecting circuii 9i-0Z serves as
'

besides as ithe vector byvpessing arrazngement, The
- = =

94 are effeciive zlso wheén a resuli veci
in vectoxr operation carried out by diffe

units,

tor register selec

for which the register

rs €1 through B4 are

ion units 31 tnrough

he single secondary input

ectly to {he Qector cperation
Incidenteily, the rsgister

moving arrangenment icr

ted zs ths

tion memory., VWnen czly

the secondary

the vector moving ar—angenent

rent vecicr operatiocw
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Claims:

1, A vector processing device which is for use in

combinztion with a mein memcry for memoriczing = vector zs & memorized

vecter ané which comprisese plurslity of vecter registers each
for holding a vector, vector operaiion means for carrying out

& vecior operation on operznd vectors to produce a result vecior,
irput selecting meazns for seleciing one of said vector registers
as z destination register and one of szid memorized and szid

resuli vectors as & load vecior to load ssid desiination register

o

with seid lozd vecicr, and output seleciing neans for seiecting
one qf the vectors held in said vector registiers as a store vecior
for storzge ir. szidé mzin remory, éharacterized by
courling reans for fixedly coupling szid veclor regisiers to
szid vecior operziion neans so.that szid operand veciors are
in one-to-one correspondence to the vecliors held in‘the respectiive
vector registers

2. A vector preccessing device as claimed in Claim
1, furiner conrrising regisier seieciing means for seleciing
one cf said vector registers as @ source register, z pluraliiy
of vecicr memories, memory selectiing means for seleciing one
of sazid vecior memories 2s 2 selected memory, and vector moving
means for moving the vector held in szid source register to said
seiected memory for siorzre therein as z retzined vector,
3. & vecicr processing device as claimed in Clainm
2, vherein szid inpul selecting means comprises first means for

selecting said destination register from said vector registers,

by

second mezns for Lozding szid destinatiion register with said

&MY .
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ioad vector,iand thixé means for loading said aesulna itn register
with sazid retaziend vector,

L, & vector processing device as claimed in Cleinm
2 or 3, further comprising source selecting means for selecting one
of szid vector memories as a source merory, szid input selecting
reans comprising first means for selecting said destination regisier
from szid vector registers, second means for lozding szid destinztion
register with said load vector, and third mezns for loading sazid
destination register with the retained vector siored irn szid
source nenory.

5. 4 vecior processing device azs claimed in Cleinm
1, further comprising & plurelily of vecter memories, memory
selecting means for selecting one of szid vector memories as

a2 selected memery, and vecior oypassing mezns for bypassing seid

= v

)

result vector to szid selectel remory for siorage therein as
& bypassed vector, said input selecting means comprising first
means for seleciing sglid destinetlion regisier from said vecicr

regisiers, seconé means for loading szic destinztion registier

with szid lpad vecior, and third ne

)
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register w%th said bypassed vector,

6. A vector processing device as claimed in Zlzin
5, further comprising source seiecting means for seleciing on
of said vecior nemories as a source memory, salid third gmeens
peing for loading sazid destinaiion register with the bipassed

vector stored in said source merory,



0136597

1/
7 (N

MAIN MEMORY

—— f36

I NPUT SELECTING CKT

7 12 123l [ [o 27J28
{ { { { { { ( {

VEC-| IVEC-| |VEC-| |[VEC- VECH |VECH{ |VEC- |VEC-
TOR TOR TOR TOR TOR TOR TOR TOR

REG REG REG REG REG REG REG REG

7

OUTPUT SELECTING CKT )

‘V‘—1 VY N L\/_

OPERATION OPERATION OPERATIO OPERATION

UNIT UNIT UNIT UNIT
31 32 33 34/ STORE
REG
38S
PRIOR ART

Fig.1

oP R1 R2 R3
PRIOR ART

Fig. 2




0136597
217
"

MAIN MEMORY

L

‘ 6
5 ],3
INPUT SELECTING CKT

/21 !22 ]23 !24 !25 ﬁ{26 127 ‘ 128

VEC- EC- VECH [VEC-{ |VEC-| |VEC-| |vEC- VEC-
TOR OR TOR TOR TOR TOR TOR TOR

REG EG REG REG REG REG REG REG

b A D

;
| ' ] |

R R R R k R R R
REG REG REG REG REG REG REG REG

"43 e 15 % [ TGs

OPERATION OPERATIO OPERATION
UNIT UNIT UNIT

2 | 3 34

i*_J
STORE

497 seLecTing ckr

r___J

STORE
38 REG

Fig. 3



0136597

3/7
Fig. & | o | &
Fi Q. 5 op | R1T | R2
R l OP J[
| s s
VECTOR REG OPERATION
SPECIFYING INDICATING
REG REG
DECODER 3
6
111
/ DECODER} 57 ’/
fm 31 ) |
61—
fm 32 } W REG 53
62— 66 7 i}
fm 33 D%j‘
" 63
n 3 D -
m3 6L
fm 11 /D— 63 0
65 ——J ' .
fm other OR’s

- DESTINATION
Fi g. 6 REG 2x



JlRZ 0136597
L7

REGISTER  [~68
i

/ DECODER X‘69 49

L:;n /

fm 21 :;72 |

fm 22 }73‘

3 L/ STORE REG 38
o
15

fm 24

fm 25 ’_\(76
fm 26 :—/:77
fm 27 : :73 = 1 to 11
fm 28

. fm other OR's |

Fig. 7 -

T0 T1 T2 T3 T4 7576 T7 T8 T9 T10
VECTOR REG 21——---
VECTOR REG22——-- -
READ REG 41 ———
READ REG 42 —_

~ VECTOR OPERA- .
TION UNIT 31 A

INPUT SELECTING CKT 36 o
DESTINATION REG  2x —ee-



0136597

517
MAIN MEMORY
1
3 ‘81 ‘82 883 ' (BA
W W W W W W
REG REG REG REG REG REG
| | | | {
vpov]p oty 89
T to 92
, . e

INPUT SELECTING CKT

3
2 |2 g3 o (o5 126 |7 6
28

VEC-] [VEC-| |VEC-| |VEC-} NEC- LEC— VEC- | VEC-

TOR TOR TOR TOR TOR TOR TOR : [|TOR
REG REG REG REG REG REG REGJ REG
YO T T T
l
! 1 1 r ! 1 1 1 tou9
‘ ‘ ' to 91
R R R R R R R R
REG REG REG REG REG REG
Us % (Ys (e Y [Vus
V V —V
OPERATION OPERATION PERATION
UNIT UNIT UNIT
32 33 3

Fig. 9(a)



0136597

6/7
MAIN MEMORY
l \11
86 ‘87 ( 88
W W W
Ree| |REG| [REG
fm 81-
8L
‘ |
INPUT SELECTING CKT|~ VECTOR BYPASS-
3% ING CKT ~92
]
387
STORE REG i
‘ MEMORY ~97
STORE SELECTING CKT
SELECTING CKT i
N \
fm 21—28 49 : VECTQR o6
fm21-28 - MEMORIES
— —
1"1 1 112 1 13
REGISTER = §
SELECTING ckT I QUTPUT OUTPUT OUTPUT
] SELECT-| | SELECT- | SELECT-
R REG ~121 ING CKT| | ING CKT | ING CKT|
1
WRITE-IN BUFFER[~ 98 1 ! !
g R REG R REG R REG
1
W REG ~122 116 117S 118’ L |
|

Fig. 9 (b)



0136597

117

0L b1

oL

ZUL WL 0L

61 8L L1 91 SL %L €L Z1 1L oL

96 WIWYOLIIA
¢l 934 ILI{M
86 d3ddng M
L D3Y avay

XZ ORI NILS3a
18 O34 3LRIM

L€ LINN NOIL
-Vd3d0 ¥0LJ3A

¢7 93y avad
b7 O34 Qv3y
2 934 ¥OLJ3A
1€ D3 ¥OL113A



	bibliography
	description
	claims
	drawings

